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?I13 EGPECT OF FEOPELLZB OPERATION 03 THE AIR FLOW 

Il? THE: R E G I O N  OF THE T A I L  FLAKE FOR A 

'1: L E- E NG I NE T RA CT 0 R MO NO PLANE 

By Raro ld  2, Sweborg 

E x t e n s i v e  a i r - f l o w  surveys have  been  made i n  the  re -  
g t o n  o €  t h e  t a i l  p l a n e  o f  a t y p i c a l  tw in - -eng ine  t r a c t o r  
monoplane mode l  F i s h  tail s .ur faces  removed- ,  The ~ ~ r k  m a s  
done  i n  t h e  NACA full-scale w i n d  t ? rnne l .  Tho s u r v e y s  were  
made w i t h  p r o p c l l z r s  removed and  o p e r a t i n g  and f o r  b o t h  
c a s c s  i n c l u d c d  t h e  c o n d i t i o n s  f o r  flaps retracted and 
f l a p s  d s f l e c t e d  5O ' j .  A d i s c u s s i o n  o f  t h e  s l i p s t r e a m  dis- 
t o r t i o n  a n d  t h e  g c n c r a l  s i i p s t r e a m  e f f e c t s  i s  g i v e n ,  t o -  
g e t h e r  with t a b l e s  a n d  c h a r t s  o f  t h e  a v e r a g e  downvash 
a n g l e s  and the a v e r a g e  dynamlc p r e s s u r e s  a t  t h e  h i n g e  
l i n e  o f  t h o  horizontal tzil s u r f a c e e  

W i t h i n  t h e  b o u n d a r i e s  o f  t h e  s l i p s t r e a m ,  t h e  average 
dynamic p r e s s u r e  measured across t h e  h o r i z u n t a l - t s i l  span 
chfinged r a p i d l y  a i t h  t h e  v e r t i c a l  l o c a t i o n  o f  t h e  t a i l  
plane, but t h e  a v e r a g e  d o w n r a s h  a n g l e  did n o t  v a r y  g r e a t l y  
w i t h  t h i s  l o c a t i o n .  I i t h  f l f i p s  r e t r a c t e d . ,  t h e  d o - m n a s h  
b e h i n d  the upgo ing  p r o p e l l c r  b l a d e s  was d e c r e a s e d ;  n h c r c a s  
t h e  downwash beh ind  t h e  dovrngoing p r o p e l l e r  b l a d e s  mas i n -  
c r e a s e d .  A t  n o r n a l  l o c a t i o n s  o f  t h e  h o r i z o n t a l  tail sm- 
f a c e ,  t h o  chsnge o f  downwash a n g l e  caused  by t h e  s l i p s t r e a m  
r o t a t i o n  mas r e v e r s e d  when t h e  f l a p s  were d e f l c c t c d .  

IBTRODUCT I O N  

The e f f e c t s  o f  t h e  p r o p e l l e r  c l i p s t r e a m  o n  t h e  s t a b i 3 . -  
i t y  C h a r a c t e r i s t i c s  o f  a n  a i r p l a n e  a r e  c o n v e n i e n t l y  c o n -  
s i d e r e d  i n  t h r e e  p a r t s :  



2 

F o r  t h e  change  i n  wing l i f t ,  t h e  s e ~ ? ~ e m p i r i c a l  methods o f  
r s f e r e n c c .  i appeal.  t o  g i v e  r e s u l t s  in f a i r l y  g o o d  ag rcemcn t  ' 

with  c r p e r i r n e n t n l  d a t a .  With f l a p s  r e t r a c t e d ,  t h e  change  
o f  p i t c h i i l g  moment  dlie t o  t h e  passage of t h o  s1 ips t r cn .m 
o v e r  t h e  wfng i s  u s u a l l y  sma l l  arid mny be n e g l e c t e d .  V i t k  
f l a p s  d e f l , e c t e d ,  t h e  change  o f  p i t c h i n g  moment a t  t h . 0  wing 
i s  c o n a i d . o r z b l c  and m a y  be estimatod f r o m  a knowledge o f  
t h e  s i r f o i l  s e c t i o n  c k a r a c t e r i o t i c s  and t h e  i n c r e a s e d .  ve-- 
l o c i C y  o v e r  t h e  p a r t  of 'the T i n g  immersed i n  t h e  s l i p s t r e a m .  
No g e n e r a l l y  s a t i s f a c t o r y  methc>ds e x i . s t  , hawe:Ter I f o r  pre-  
d . ic t i r ;g  t h e  chailfe i-ii a i r  f ' l o v  a t  t h 3  tai.1: a l t h u g h  t h o  
prob1.em bas  r ezc ive : l  c o n s i d c r n b l e  s t u d y  ( r e f e r e n c e s  2 ,  3 ,  
ai13 t ) ,  

I I n  oi-dej: t c  o b t r ; i n  scme s y s t . e m a t i c  d a t a  r e l a t i v e  t o  
t h e  e f f e c t s  o f  ~ r c p o 3 . i e r  o p e r a t i o n  o n  t h c  z i r  f l o v  a t  tlie 
t a l i ,  extel i r , i i rs  t e s t s  o f  n tmln -eng ine  t r a c t o r  monoplane 

I 
(1) The c h a z i g c t n  l i f t  ?.lid. p i t c h i n g  moment a t  t h e  wing 

~ 

The t e s t s  n r e  p a r t  o f  a;1 i n v c s t i g a t i n r l  beiirg con- 
d u c t e d  by t h e  NBCA f u l l - s c a l e  mind t i i nne l  t o  d e t e r r i n e  
t k e  e f f e c t s  of  p r o p e l l e r  s l i p s 5 r e a m  on t h e  s t a b i l i t g  c h a r -  
a c t e r i s t i c s  c f  v a r i o n s  t y p e s  o f  a i r c r a f t .  S o m e  i i l v o s t i g a -  
t io;is  O P  s i n g l e - e n g i n e  a p e r a t i o n  h s v e  becn  r e p o r t e d  i n  
r e f e r e n c e s  4 and 6 .  

~ 

(2) The i n c T s a s c  i n  dynamic prescurc! a t  t h e  t a i l  

( 3 )  The c h a n g e  i n  downvash a n g l e  a t  t h e  t a i l  

SYXBOLS 

Ct l i f t  c o e f f i c i e n t  

E p r o p e l l e r  d i a m e t e r  

P d e n s i t y  o f  a i r  

E 

t 
'V 
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V, f r e e - s t r e a m  v e l o c i t y  

D@ d r a g  with p r o 2 e l l e r s  removed 

D r  r e s u l t a n t  d r a g  w i t h  p r o p e l l e r s  o p e r a t i n g  

V l o c a l  v e l o c i t y  

Qo 

9 

q/qo r a t i o  of l o c a l  dynamic p r o s s u r e  a t  t a i l  t o  f r e e -  
s t r e a m  dynamic p r e s s u r e  

a v e r a g e  dyoamic-pressur  e r a t i o  a c r o s s  e l e v a t o r  
aF h i n g e  l i n e  as  found f r o m  a i r - f l c w  s u r v e y s  

€ 

c 
EiV 
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d 

bt 
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'e 

l o c a l  downwas'n a n g l e  a t  t a i l  measured r e l s r t i v e  t o  
f r e e - s t r e a m  d i r e c t i o n  

a v e r a g e  dovmmash a n g l e  a c r o s s  e l eva tc i r  h i n g e  l i n e  as  
f o u n d  from a i r - f l o n  s u r v e y s  

a n g l e  of a t t a c k  o f  t h r u s t  a x i s ,  d e g r e e s  

wing area 

p r o p e l l e r  r o t a t  i o n  speed 

l a t e r a l  d i s t a n c e  between c e n t e r  l i n e s  o f  p r o p e l l e r  
s h a f t s  

span o f  h o r i z o n t a l  t a i l  sur face  

d i s t a n c e  o f  e l e v a t o r  h i n g e  l i n e ,  measured normal t o  
r e l a t i v e  mind, from wake c e n t e r  l i n e  

downward d i s g l a c e m c n t ,  measured normal  t o  f r e o - s t r e a m  
d i r e c t i o n ,  o f  c e n t e r  l i n e  o f  wake and  t , r a i l i n g  v o r t e x  
sheet from i t s  origin Rt t r a i l i n g  edge o f  ming 
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DESCRIP!?ION 03' MODXL AIX TESTS 

The XACA f u l l - s c a l e  ~ i n d  t u n n e l  i s  d e s c r i b e d  i n  ref- 
ere- icc  6 axd t h e  methods by v h i c h  t h e  da ta  v e r e  c o r r e c t e d  
f o r  j e t - b o u n d a r y  and  b l o c k i n g  e f f e c t s  a r e  d i s c n s s e d  i n  
r e f e r e n c e s  7 and 8 .  

The ruodel was d e s i g n e d  and. c o n s t r u c t e d  i n  t h e  1a.bo- 
r n t o r 5 . e ~  o f  t h e  NA.CA and can 73c t e s L e d  a s  a s i n g l e - e r - g i a e ,  
a tvi i : - -engine,  o r  8. tour -enginG t r a c t o r  monoplane,, P ro -  
vis'loi: i s  3.1~0 nedrr f o r  v e r i o u s  p o s i t i o n s  o f  t h e  v i n g  aild 
o f  t h e  h o r i z o n t a l  find v e r t i c a l  t a i l  s u r f a c e s .  For  t h e  
p r e s e n t  s e r i e s  o f  t c s t s  t h e  model was a r r c n g e d  as a tmin- 
e i g i y i o  t r c c t o r  midning  monoplane h a v i z g  t w o  l e f t - h a n d  
t h r e o - b l a d e  p r o p e l l e r s .  The t h r u . s t  l i n e  o f  t h e  p r o p ' e l l e r s  
i s  c o i i i c i d e n t  . r i th  t h e  wi;>g chord  l i f i e . ,  a p h o t o g r a p h  o f  
t h e  model mouiitcJ. in t h e  wi1:iJ. t un i l e l  i s  shown t-,n f i g u r e  1. 
F i g u r e  2 is a t h r e e - v i e w  drawing  g i v i n g  t h e  i m p o r t a n t  d i -  
rne:isioris o f  t k e  model .  d :urnisaIy of '  a d d i t  i o i l a l  c h 2 r a c t c r -  
i s t i c s  of t h e  m o d e l  f o l l o w s :  

Wiizg  ea, s q u a r e  f e e t . .  ......................... i88 
? i n g  p r o i ' i i e :  

R o o t  s e c t i o n .  ............................ XACA 0018 

Moan c h o r d ,  feet....... ...................... 4.95 

Tape r  r a t i o . . . . . . . . . . . . . . . . . . . . . . .  ........... 2,5:3 

Tip  s e c t  i o n ,  ............................. NTBCA 0009 

Aspec t  r ~ t i o . . ~ . . . . . . . . . .  ..................... 7,69 

F l a p  d e f l e c t i o n ,  d e g r e e s  ....................... 50 
P r o p e l l e r  d i a m e t e r ,  f e e t . .  .................... 5.35 
D i s t a n c e  between p r c p e l l e r  s h a f t ; ; ,  f e e t .  ...... 1 1 . 2 2  
E lade -ang le  s e t t  ir.g a t  21- i n c h  ( 0 , s l R )  

r a d i u s o  d e g r e e s .  .............................. 20 
Spl i t  t ra il ing-  edge  f l a p  6 

Cuffs mounted o n  p r o p e l l e r s  

Both t h e  v e r t i c a l  and t h e  h o r i z o n t a l  t a i l  s u r f a c e s  
were removed f o r  t h e  s u r v e y s .  The p r o p e l l e r s - r e m o v e d  sur- 
veys  were mtrde m i t h  n a c e l l e s  b o t h  o n  and  o f f ,  bu t  a l l  t h e  
p r o p e l l e r s - o p e r a t  i n g  s u r v e y s  mere nade m i t h  n a c e l l e s  o f f .  

r o v e r  w a s  s u p p l i e d  t o  t h e  p r o p e l l e r s  f r o m  a 110- 
horsepo7;er a u t o m o b i l e  e n g i n e  i n  t h e  f u s e l a g e  by means o f  
a n  a u t o m o b i l e  t r a n s m i s s i o n  and d r i v e  s h a f t s .  An e l e c t r i -  
cally o p e r a t e d  t h r o t t l e  c o n t r o l  made i t  p o s s i b l e  t o  v a r y  
t h e  e n g i n e  speed  f ro rn  t h e  t e s t  h o u s e  below t h e  model. 

t 
G 

1 
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The s u r v e y s  7,Vere made r r i th  a r a c k  o f  f i f t e e n  3 /8 - inch  
s t e e l  s u r v e y  t n b e s  [ f i g .  3) spaced  6 i n c h a s  v e r t i c a l l y  and 
I f o o t  h o r i z o n t a l l y .  E a c h  t u b e  i s  c o n s t r u c t e d  i n  such  a 
aay t h a t  i t  measures t h e  t o t a l  p r e s s u r e ,  t h e  s t a t i c  p r e s -  
sure, t h o  e n g l e  of p i t c h ,  a n d  t h e  a n g l e  o f  yaw of  t h e  l o -  
c a l  a i r  stream, Simul t aneous  i -esdi l lgs  o f  ali t h a  tubes  
r , e r ~  t a k e n  by means o f  a m u l t i p l e - t u b e  p n o t o g r s p h i c  manom- 
e t e r ,  The s u r v e y  t u b e s  a e r e  c a l i b r a t e d  p r i o r  t o  t h e  t e s t s .  

The a c c u r a c y  o f  t h e  p i t c h -  s n d  yaw-angle measurements  
i s  e s t i r i l a t ed  t o  be a F p r o x i m a t e l g  k0.25'; dynamic p r e s s u r e  
rnezsuremonts  a r e  a c c u r a t e  t o  w i t h i n  a b o u t  & l  perceu t .  
Check r e a d i n g s  mere t a k e n  frequent13 d u r i n g  t h o  t e s t s  and., 
i n  gcner&! ,  were foiind t o  5 e  i n  s a t i s f a c t c r y  ag resmsn t  
with t h e  o r i g i n a l  r e a d i n g s ,  L c c a l  r l u c t u a t i o n e  of  t h e  
a i r  s t r e a m  nay be t h e  c a u s e  of aay d i s c r e p a n c i e s  t h a t  are 
shoan, 

A11 t h e  s u r v e y s  a e r e  made i n  t h e  p l a n e  o f  t h e  e l e v a t o r  
h i i l s e  l i n e .  Ivicst o f  t h e  s u r v c y s  were made over. a large 
a r e a ,  but some s u r v e y s  were  l i m i t e d  t o  measurements  a c r o s s  
o n l a  the e l e v a t o r  h i n g e  l i n e ,  The s u r v e y s  were made f o r  
p r o F e l l e r s - r e x o v e d  ax& p r c ~ e ~ l c ~ . s - o p e r a t i n g  c o n d i t i o n s  w i t h  
f l a p s  r e t r a c t e d  a n d  w i t h  f l a p s  d e f l e c t e d  5 0 " ,  The r a n g e  
of a n g l t s  of  a t t a c k  o f  t h e  m o d e l  i n c l u d e d  t h e  comple t e  
f l i g h t  r a n g e .  E ' G T  e a c h  rzngle o f  a t t a c k :  t h e  t h r u s t  o f  t h e  
p r o p e l l e r s  v a s  var ied .  t o  i n c l u d e  b o t h  h i g h  and l o w  t h r u s t  
c o e f f i c i e n t s ;  a c c o r d i n g l y ,  t h e  t h r u s t  a t  any  p a r t i c u l z r  
angle of a t t a c k  d i d  n o t  n e c e s s a r i l y  s i m u l a t e  a p o s s i b l e  
f l i g h t  c o n d i t i o n .  Many of  tile measurements  v e r e  made a t  
v e r y  h i g h  t h r u s t  c o e f f i c i e n t s  ir, o;der t o  e x a g g e r a t e  t h e  
e f f e c t s  o f  t h e  p r o p e l l e r  s l i p s t r e a m .  

The t h r u s t  c o e f f i c i e n t  V A S  d o t c r m i n e d  a s  a f u i l c t i o n  
o f  V/nD f o r  t h e  f l a p s - r e t r a c t e d  c G n d i t i o n  and  i s  d e f i u e d  
-3s 

e f f e c t i v e  t h r u s t  D: - Dr Tc = -I----- -I--.- -I---- - -----I-- - 
pVo"D2 pVo"D2 

where b o t h  D1 and U r  are measured a t  zero l i f t  coe f -  
f i c i e i i t .  F i g u r e  4 shows t h e  v a r i n t  i o n  o f  p r c p e l l e r - t h r u s t  
c o e f f i c i e n t  v i t h  Tr/nC. 

V 
Some p r o F e l l c r s - . o p e r a t i n g  l i f t  c u r v e s  t h a t  c o v e r  t h e  

r a 2 g e  o f  co i l c? i t i ons  cOrresponding  t o  t h c  s u r v e y s  a r e  s h o ~ ~ n  
i n  f i g u r e s  5 a n d  6. 
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RESULTS .AND UI3CWSSION 

The  r p s u l t s  o f  t h e  a i r - f l o w  s-ilrveys a r e  p r e s e i l t c d  i n  
f j g u r o s  7 t o  12. ~ i i c  f i g a r e s  show conto: i rs  o f  q/q9 aria 
downTash  and. s idemash  v e c t o x s  I n  t h e  p i a n e  o f  t h e  e l e v a t o r  
h i n g e  l i n e  f o r  v a r i o u s  a n g i e s  o f  a t t c c k .  E’i.gu:res 7 t h r o u g h  
16 g i v e  t h e  results o f  t h e  prope11.ers - renoved  t e s t s .  The 
r e s u l t s ,  v i t h  n e c e l l e s  o f f ,  f o r  f l a p s  r e t r a c t e d  and flaps 
d e f l e c t e d  a.re s h o w n  I n  f i g a r e s  ’1 a n d  8 ,  r e s p e c t i v e l y ;  t h s  
r e su I t s  w i t h  n a c e l l e s  o n ,  f o r  f l a p s  r e t r s c t e d  a:d f l a p s  
d e f l s c t e d ,  a r e  g i v e n  i n  f i g u r e s  9 a n d  10, r c s ~ e c t i v e l g .  
T h e  r e s u l t s  c f  t h e  t e s t s  t-f th p r o p e l l e r s  o p e r n t i z g  a r o  
givei i  i n  figu::*ss il and 1%. In t h e  f o l i o a i n g  s e c t i o n s ,  
t h e  s*u.?veys a r e  d i s c u s s e d  w i t h  resp‘jct .  t o  t h e  g e n e r a l  na- 
t u r e  c f  t h e  a i r  flow and the s l i p s t r e a m  e f f e c t s .  The ef- 
f e c t s  of  t h e  s l i i p s t r e a m  r o t a t i o n  o n  t h e  domnvach  a n g l e s  
a n d  t h s  dynamic p r s s s u r e s  a t  t h e  tail a r e  i n d i c a t e d ,  

P r  ope  11 e r  s-Rerno ved S u r v e y s  

Except  f o r  t h e  e r r a t i c  f1oi.r n e a r  t h e  r e a r  s u p p o ~ i ;  just 
b e l o c  t h e  f u s e l s g e ,  t h e  2 r Q p e l l c r s - r e m o v e d  s u r v e y s  ( f i g s .  7 
t o  10) dcmonv t rn t e  e s s e n t l a l l y  t h e  c l i a r a c t e r i s  t i c s  o f  t h e  
t r a i l i n g  v o r t e x  s y s t e n  c i i s cusscd  i n  r e f e r e n c e  3 .  1’jgure 
1O(c) i:i p a r t i c u l a r ,  shows t h e  comple t e  t r a i l i n g  v o r t e x  
s h e e t  . i nc lud ing  t h e  f l a p - t i p  and w i n g - t  i p  v o r t i c e s  and t h e  
c h a r a c t e r i s t i c  dcfoi-mat i o n  o f  t h e  -7ortex s h e e t  u n d e r  t h e  
i n f l u e n c e  o f  the t i p  vortices. O t h e r  t h a n  the d e f c r m a t i o n ,  
t h e r e  is r e i a t i v c l y  l i t t l e  r o l l i n g  iip o f  t h e  v o r t e x  s h e e t :  
t h a t  i s ,  t h e  f l a p - t i p  and v i n g - t i ?  v o r t i c e s  remain  i n  ap- 
p r o x i m a t e l y  t h o  same l a t e r a l  p o s i t i o n  a s  a t  t h e i r  o r i g i n s .  
The aakc ( o r  r c g i o a  of  lo^ dynamic p r e s s u r e )  co inc ic?cs  w i t h  
t h e  v o r t e x  s h e c t  ( a c r o s s  wlhic?i the l n t e r a l  component o f  
v e l o c i t y  u n d e r g o e s  a n  a b r q t  c h a n g e ) .  The doFanash  a n g l e s  
above  t h e  wake excee?  i n  magn i tude  t h o s e  belorn t h e  wake. 

A compar i son  o f  t h e  downmord d i s p l a c e m e n t  o f  khe wake 
c e n t e r  from i t s  o r i g i r ,  a t  t h e  t r a i l i n g  edge  n i t h  t h e  theo- 
retical d i s p l a c e E e n t  computed f rom t h e  c h F r t s  o f  r e f e r e n c e  
10 i s  g i v o n  i n  t a b l e  I .  The measured v a l u e s  a r e  i n  satls-  
f s c t o r y  ag reemen t  n i t l i  t h e  theory. The v a l u e s  o f  the aver- 
age dynamic -p res su re  r a t i o  (q/q ) a c r o s s  t h e  span  o f  t h e  
horixontal t a i l  s u r f a c e  a r e  a l s o  i n c l u d e d  i n  t a b l e  I .  With 
i n c r e a s i n g  a n g l e  of’ a t t a c k  t h e  wing wake rises r e l a t i v e  t o  
t h e  t a i l  ( f i g s .  9 ( a )  t o  9 ( d ) )  a n d  crosses the t a i l  czt 

0 av 

r 

. 

c 

5 

W 



7 

a a b o u t  aT = 3.2 for  which angle  the average dynamic- 
p r e s s u r e  r a t i o  a t  t h e  t a i l  i s ,  a c c o r d i n g l y ,  a minimum, 
The cerctBr l i n e  o f  t h e  wing wake is alqayra below the, tail 
f o r  t h e  f laps-down c o n d i t i o n ,  p r o g r a s a i v e l y  a F p r o a c h i n g  
t h e  t a i l  as t h e  ang le  o f  a t tack  i n c r e a s e s ,  Hacel les  tend 
s l i g h t l y  t o  reduce the dysemic pressure a t  the t a i l .  

A compar i son  o f  the average downwash s a g l e e  measured 
a t  the e l e v a t o r  hinge line with t h e  t h e o r e t i c a l  values cal- 
c u l a t e d  from t h e  char t s  of r e f e r e n c e  10 is g i v e n  in t a b l e  
TI. The agreement between t h o  measured and t h e  c a l c u l a t e d  
dowamash ang les  i s  s a t i e f a c t o r y  (within 1') for most cases. 
The p r e s e n c e  o f  e n g i n e  n a c e l l e s  caused v e r y  l i t t l e  change  
i n  t h e  downwash angXe meaanred a t  t h e  t a i l  p l a n e  a t  low 
angles o f  zt tack.  A t  high angles o f  attacrk, bornever, l a -  
cal s t a l l i n g  of' the wlag in t h e  region o f  t h e  n a c e l l e s ,  
ai3 observed in t n f t  w r v e y s ,  r e s u l t e d  i n  e n  a p p r e c i a b l e  
decrease i n  the downaash angle a t  the t a i l .  

P r o p 8 1 1 e r  B- Op era t i ng Su r v  eg s 

The n r o p e l l e r s - o p e r a t i n g  s u r v e y s  ( f i g s .  11 c*-nd 1 2 )  
shosr c e r t a i n  charactoristic 3 i s t g r t i o n s  of t h c  slipstream 
and  the air f l o w  in ths v i c i n i t y  o f  t he  s l i p s t r o n m .  I n v s s -  
t i g - i t i o n s  i n  Gormany r e p a r t c 4  I n  r p f c r c n c o s  3 and 11 
havo t d e a t f f i o 4  8 number of t h o  f z c t o r s  t h - t  moduc!; t h e s o  
~ f f o c t s ,  Cniof  among t h o s e  f ? c t o r s  i s  t h o  s p l i t t i n g ,  
by tho  v i n g ,  of t h e  s l ? p s t r c n m  i n t o  t a o  p a r t s ,  w h i c h ,  
owing t o  thc ir  t a n g e n t  Yal-velocity c o n n o n n n t s ,  un2e rgo  
2 l n t e r s l  d f s p l n c c r ~ ~ 3 u t  f r o . 3  the? g r o p c l l a r  a x i s  b e f o r e  
r e u n i t i n g  st t h e  t s s i l i n g  a t g e ,  'rho i i onunf fo rmi ty  o f  
t h r u s t  d i g t ~ - i b u t i a n  n t  t h o  p r o p e l l e r  diak; t h o  i r r e g u l a r  
l i f t  d i s t r i b u t i o n  across t h e  p ? r t  of  the w i n g  irnmerse<l i n  
the  s l i p s t r e a m ;  and the  wing, f l a p ,  and f u s e l a 8 2  makes may 
be r e s p o n s i b l e  f o r  soma a Z a i t i o n a l  e leo lonts  o f  d i s t o r t i o n  
of t h e  s l i p s t r e a m .  

Then t h e  parts of t h e  s l l p s t r i l a m  t h a t  pass obovn and 
b e l o w  t h e  w i n g  are a b o u t  e q u a l ,  t h e  r e s u l t  o f  t h e i r  l a t e r a l  
d i s p l s c e m e n t  a t  high t h r u s t  is the c h a r a c t e r i s t i c  " f i g u r e -  
eight" s l i p s t r e a m  o f  figures I l ( u )  t o  l l ( h ) .  For t h e  
f l a p s - ~ l e f l e c t s &  c o n d i t i o n ,  o w i n <  t o  t h o  s t r o n g  u-ovash i n  
f r o n t  pf t h e  w i n c ,  m a s t  of  t he  s l i p s t r e a m  is c a p r i e d  above  
t h e  wing, r c t t l i n i n g  i t s  nonrly c i r c u l a r  form Rnd u n 3 e r g a i n g  

V b u t  s l i g h t  displsccmcat; vhersss 3 small p a r t  passes b e l o q  
the wing and i s  c o n s i d e r a b l r  d i s p l s c e d  i n  the d i r e c t i o n  of 
its t a n q e n t i z l  s e l o c i f y .  Sornovhat similar p a t  t e r n s  have 
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b o c n  o b s e r v e d  ( r e f e r c n c o  4 ) bek ind  low-wing s i n g l e - e n g i 9 s  
rnonoFlanes v h e r 6  tiic: l a r y e r  p a r t  of  t h e  s l i p s t r e a m  n l s o  
p a s s e s  above  t h e  wi2g. The f l a p - t i p  v o r t e x  also a p p e a r s  
t o  have c o n s i d e r a b l e  i n f i u e n c o  o n  t h e  l o w e r  p t p t  of t h e  
a l i p s t r c w u .  AS f i y u r e s  1 2 ( a )  t o  1 2 ( h )  S ~ C J P P ,  t h e r e  i s  a 
tendei:c,y f o r  t h i s  p a r t  of thJ ;  s i i p s t r e s m  t o  f l o s  o ? l t r a r d  
a r o u r d  t l i e  f l a p  t i p - v o r t  ex. 

2'i:ures 12(a) t o  1 2 ( d )  SLOE t L n t ,  a s  t h e  g n g l e  o f  
a t t a c k  3f t h e  model i s  i n c r e a s e d ,  t h e r e  i s  (3 p r o g r e s s i v e l y  
h i g h e r  co iLconf re t i9n  o f  t h r u s t  on t h e  s i d e  o f  t h e  dovngoixg  
blacle tiiizii on t h o  s i d e  o f  t h e  u p ~ 3 i p g  b l a d e ,  Because  tkie 
t h r u s t  i s  n o t  s y m m e t r i c a l l y  d i s t r i b u t e d  n i t h i n  t h e  p r o p e l l e r  
d i s k ,  t L e  s 1 i p s t r e : l n  i s  ?robabla:  R ? t  q u i t e  s y m n e t r i c a l  e-;en 
R t  i t s  , ? r i c i n .  The diss:-mnetry 3f t k r u s t  arises f rom t h e  
i n c l i n a t i o n  o f  t h e  p r o p e l l e r  axis t o  t k e  a i r  s t r e a m ,  wh ich  
c:iuses b ? t h  t h e  l o c ~ l  r e l p t i v e  a i r s p e e d  wid t h e  l o c a l  n i lg le  
of a t t a c k  t o  5 e  lzic.iier an tk,c? s i d e  o f  t h e  doango ing  blafies 
t L ? n  o n  t h e  s i d e  o f  t h e  v p g o i - i g  b lTdes .  T h i s  e f f e c t .  shol l ld  
be & r e n t e r  f g r  t h e  f l a p s - a c f l z c t e d  tk;ar, f o r  t h e  f l a p s -  
r e t r a c t z d  c o r l d i t i a n ,  t e c a u s e  o f  t h a  g r e n t e r  x p w ~ s L  irL f r o n t  
o f  t L e  v i n g .  c 

F o r  t h e  f l a p s - r e t r a c t e d  c o n d i t i o n ,  t h e  o r i , i n s l  d i r e c -  
t i o n  o f  r o t a t i o n  o f  t h e  s l i p s t r e a m  i s  r e t a ' i n e d  t o  a l a r g e  
e x t e n t  a t  t h e  t a i l .  Fo r  t h e  : i E p s - d e f l e c t e d  c o n d i t i o n ,  
h o n e v e r ,  t h e  r G t a t i o n  o p p e a r s  i n  t h e  s u r v e y s  t o  Lave r e -  
v e r s e d  i n  t h o  r e g i o n  of  The t a i l ;  t ha t  i s ,  t h e  downwosn 
i s  g r e Q t e s t  behind  t k e  upgo ing  b l s d e s .  T h i s  r e v e r s a l  ap- 
p e n r s  not  t o  h a v e  been h e r e t o f o r e  d e s c r i b e d .  

Th3 s l i p s t r e a m  shspcs axd t h e  v e l o c i t y  d i s t r i b u t i o n s  
o 2 t a i n e d  ir. B n g l a a d  in l P 3 8  for a v e r y  s i m i l a r  model w i t h  f l a p s  
r e t r a c t e d  a r e  i n  r e m c r h b l y  c i c s e  ag reemen t  w i t h  t h e  r e s u l t s  
p r e s e n t e d  l i e r c i n ,  

Some q u n n t i t a t i v e  e v a l u a t i o n s  o f  t h e  dynarcic p r e s s u r e s  
a n d  downwash a n g l e s  a r e  g i v e n  i n  t h e  f o l l o w i n g  s e c t i o n s .  

Average  d ~ n a m i c - p r e a s u ~ g ~  r a t  i o  &,,tail ? -  i n a s a u c h  as 
t h e  a v c r n p c  dynamic -p res su re  r a t  i o  (q/,zo) f o r  a t e , i l  
p l a n e  immersed i n  t h e  s l i F s t r e a m  ail1 VRT$ tvith t h e  v e r t i c a l  
l o c a t i o n  e n d  t h e  span o f  t h e  h o r i z o i + t s l  t E i 1  s u r f a c e ,  v a l u e s  
o f  t h e  a\ e r a g e  dynamic -p res su re  r a t  i o  hhsvc, been computed 
from t h o  s u r v e y s  f o r  troo h o r i z o c t a l  t a i l  s u r f s c e s  o f  d i f f e r -  
e n t  spRn l o c a t e d  a t  t h r o e  d i f f  ( . r en t  v e r t  i m l  d i s t a n c e s  f rom 
t h e  f u s e l a g e  c e n t e r  l i n e .  The tT.:, spans choson 'nore (1) 
t h e  d i s t a l i c e  between p r o p e l l e r  s h a f t s  ( a p p r o x i m a t e l y  t h e  

a v  
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s p a n  o f  t h e  h o r i z o n t a l  t a . i l  s u r f a c e  u s e d  on  t h i s  model), 
and ( 2 )  the sum of t h e  d i s t a n c e  between t h e  p r o p e l l c r  
s h a f t s  and one--half  t h e  p r o p e i l e r  d i a m e t e r .  Tlie v e r t i -  
c a l  p o s i t i o n s  choseri were  (1) a t  t h e  h i n g e  l i n e  o f  t h e  

8 s  t h e  ' ITeference  h ' r r i ge  l i n e I i :  ( 2 )  6 i n c h e s  above  the 
r e f e r e n c e  h i n g e i t l i e ;  and  (3) 22 i n c h e s  above  t h e  r e f e r e n c e  
h i n g e  l i n e .  T a b l e  I11 g i v e s  t h e  r e s u l t s  o f  t h e  q/qo 
measnrements  a v e r a g e d  a c r o s s  t h e  c o q l e t e  t a i l  spans .  
Some cornputat i o n s  of  (y, I qo),, 
man o f  t h e  h o r i z o n t a l  t a i l  s u r f a c e  i n  o r d e r  t o  d e t e r m i n e  
t h e  e f f e c t s  o f  d i r e c t i o n  of D r o p e l i e r  r o t a t i o n .  The r e -  
sults showed o n l y  s m a l l  d i f f e r e n c e s  i o  t h e  a v e r a g e  dyuamic- 
p r e s s u r e  r a t i o s  f o r  t h e  t - zo  semispans .  

--I 0 a c t u a l  t a i l  t e s t e d ,  which w i l l  be r e f e r r e d  t o  1ie.re:nzfter 

j\ 

mere mads a c r c s s  e a c h  semi- 

A c o n p a r i s o n  o f  t h e  d a t a  c o n t a i n e d  i n  t a b l e  III shows 
t h a t  t h e  a v e r a g e  dynamic -p res su re  r z t i o  a t  t h e  tail p l a n e  
changed  r a p i d l y  with tne v e r t i c a l  l o c a t i o n  o f  t h e  t a l l  
p lane .  The a v e r a g e  dynamic -p res sa re  r a t  i o  Tas g r e a t e s t  
when aieasu.red a t  t h e  r e f e r e n c e  h i n g e  l i n e .  M e a s u r e a e n t s  
t a k e n  S i n c h e s  and  1% i n c h e s  above  t h e  r e f e r e n c e  h i n g e  1 . ine  
showed p r o g r e s s i v e l y  eniall .er  (y/q,),v v a l u e s .  Por  t h i s  
model, t h e  d e c r e a s e  o f  { q / * ~ ~ ) ~ ~  w i t h  i n c r e a s i n g  h e i g h t  
o f  t h e  t a i l  r e s u l t s  f r o m  t h e  p o s i t i o n  of  t h e  s l i p s t r e a m ,  
which i s  main]>-  'oalon t h e  r e f e r e n c e  h i n g e  Z f n o  P G r  a l l  
c c n d i t  i o n s .  

Vi i th in  t h e  b o u n d a r i e s  o f  t h e  s l i p s t r e a m ,  any i n c r e a s e  
i n  t h e  h o r i z o n t a l - t a i l  s p a n  v i 1 1  t e n d  t o  i n c r e a s e  t h e  v a l u e  
of ( P l ( l o ) a v  measured a c r o s s  t h e  t a i l  s p a n .  Above o r  . 

b e l o e  t h o  s l i p s t r o a r o  b o u n d P r i e s ,  n o a e v e r ,  no change  i n  
( q h 0 )  aTi 

c a n  be o b t a i n e d  by f u r t h e r  increases i n  t h e  h o r i -  
Z o i l t a l - t a i l  span, The i n c r e a s e  of (q /qo )Bv  w i t h  5nc reas -  
i n g  tail span  f o r  a tail p l m e  immersed i n  t h e  s1ipstreF.m 
is r e l a t i v e l y  small  (Gf t h e  o r d e r  o f  10 p e r c e n t  f o r  t h e  
two  s p a n s  c o n s i d e r o d ) .  C o n s i d e r a t i o n s  o f  i:ie e f f e c t  o f  
i a c r e a s i u g  t h e  h o r i z o n t z l - t a i l  span on  t h o  a v e r a g e  down- 
mash ai1gl.e measured a c r o s s  t h e  t a i l  spaii, :vhich m i l l  be 
d i s c u s s e d  i n  t h e  nex t  s e c t i o n ,  may be o f  s o m w h a t  g r e a t e r  
in30 r t a n c  e 

For a l l  c a s e s ;  t h e  v a l u e s  o f  (q/qo),, a t  t h e  t a i l  
p l a n e  mheil t h e  f l a p s  were d e f l e c t e d  50' mere much l o n e r  
t h a n  (q/qoIav when t h e  f l a p s  were r e t r a c t e d .  A s t u d y  o f  
t h e  p r o p c l i e r s - o p e r a t i n g  s u r v e y s  (figs. 11 and 12)  m i l l  
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show tba t  t h e  s l j p s t r e a m s  were  d i s p l a c e 3  f a r t h c r  b e l o n  t h e  
r e fe i - egce  h i n g e  l i n o  v i t h  f l a p s  d e f l e c t e d  t h a n  w i t h  f l a p s  
r e t r a c t e d .  A s  a r e s ~ l t ,  t h e  t a i l  p l a n e  Fas l o c a t e d  e i t h s r  
o n  t i l e  e d g e  o f  t h e  s l i p s t r e a n  o r  e n t i r e l ?  o u t s i d e  t,Le e l i F -  
Etrciars b o u r d a r i e s  a n e n  t h e  f l a g s  were d e f l e c t s & *  

The s u r v e y s  indicate t h a t ,  f o r  c o n s t a n t  t h r u s t  c c a f -  
f i G i c n t ,  t h e  v e r t i c a l  p o e i t i o n  o f  t h e  c e n t e r  l i n e  of  t h e  
s l i p c t r s s m ;  r e l a t i v e  t o  the r e f e r e n c e  h i n g e  l i n e ,  Cid n o t  
r e s a i n  cons t a r i t  b u t  xriovad upwa;.d towar3 t h e  r e f o r e n e e  
hin;;..e' ? , i - r~e  w i t h  i n c r c a s i n g  az;q1e o f  attack. Al thoz lgh  t h i s  
u p a r d  d i s p l a c e m e n t  o f  t h c  s l i p s t r e a m  center l i n e  was r a l -  
a t i v c l g  smal l .  i t  w a s  n e v e r , t h e l e s s  s u f f l c i e i i t  t o  a f f e c t  
a n  a p p r e c i a b l e  j .ncrca.se  i n  ( q / G o ) a v  a t  Lhe  t a i l .  

The e c r v e y s  3ho.o' t h a t  t h e  slipstream mas f l a t t e r L @ &  
v e r t i c a l i y  and c:Loiigat.ecl. L o r i s o n t a l l y ,  1 w s m u c h  a s  the 
1ate:al  ' b o u r d a ? i e S  o f  t h c  s i i p s t r e ~ . m  mere e x t e s d e d ,  as i lz-  
c r e ~ s e d  g r o p o r t i o n  o f  t h e  t a . i l - ~ l % a e  a r e s  e o a l d  l i e  mith-  
i n  t h e  s l i p s t r e a m  i n  R c o r t a i i i  re.?iou ~f c o m p a r a t i v e l y  
s n a i l  d e p t h .  V i - t h i n  this ; l eg ion ,  t h e  dynamic p r e s s u r e  
approaches o r  ms.y exceed. t h e  t h e Q r e t i s a 1  mean va lue  o f  

1 3. -*+ C G ~  a t o t a l l y  ilnmer;:od t a i l  p l a n a .  v h i z  condk- 

t i a n  is i l l u s t r a t e d  i n  f i g u r e  13. The p l o t t e d  p o l n % s  were 
o b b a l n e d  f r o m  t h e  measuroments  t a k s n  a t  t h e  r e f e r e n c e  hinge l i n e  
a c r o s s  t h e  l a r g e r  o f  t h e  t w o  h o r i z o n t a l - t a i l  spe.ns,  The 
c'cirvas o f  f i g l i r e  1 3 ,  f o r  t h i s  l o w e s t  t a i l  p o s i $ ; i o n ,  n o s t  
n e a r l y  c o r r e s p s x i l  t o  t h e  c o n d i t i o n  ~f 8 , t a i 2  p2ane  to t a ' l . l y  
Smmorsed ' n i t h i 3  t h e  b o u n d a r i e s  o f  a s l i p s t r e a n ,  

8T 
I7 

Avcrage  dcwnaash  st--taiL. ..- I n  o r d e r  t o  i n d i c s t o  t h e  
e f f e c t s  o f  s l i p s t r e a m  r o t a t i o n ,  ,ave- ;age downvash .  a:zgles 
mere  s e z a r ~ t e l y  computed f o r  e c c h '  s e m i o p n n  o f  t h e  h o r i z o n -  
t a l  t a i l  s u r f a c e s .  The downmash a n g l e s  have  n o t  been  
we igh ted  accoi -d ing  t o  t h e  v a r i a t i o n  o f  local dynamic p r e s -  
s u r e  across , the t a i l  span, inasmuch as  ?. few c o m p u t c t i o n s  
shDt-rcci t h i s  c o r r c c t i o n  t o  be 7 e l a t i . v c l y  s l i g h t .  Thc: com- 
p u t a t i o n s  were  made f o r  t h e  same spons  and  t h e  mme ver-. ' 

t i c a l  2 o e i t  i o n s  d i s c u s s o d  i n  t h e  p r e v i o u s  s e c t  i o n .  T i - g -  
u r e s  1 4  t o  i9 ahow t h e  r e s u l t s  o f  t h e s e  c o m p u t a t i o n s .  

Vhen t h e  span of  t h e  h o r i z o n t a l  t a i l  s u r f a c e  i s  equal 
t o  t 3 e  d iE t t ince  b e t n e c u  t h e  c e n t e r  l i n e s  o f  t h e  - r , r o p e l l e r  
shafts, t h e  r t g h t  se rn isgan ,  viewed from t h e  r e a r ,  i s  af- 
f e c t e C  by thz air f l o w  from tt downgoirig p r o p e l l e r  b l a d e ;  
whereas  t h c  left s smiepan  i s  a f i ' e c t c d  3y t h e  air flow from 
a n  upgoing  p r o p e l l e r  b l a d e .  F i g u r e s  1 4  t o  1 6  show t h a t ,  
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m f t h  f l a p s  r e t r a c t e d ,  t h e  tlownwash a t  t h e  t a i l  o n  t h e  sicfe 
o f  t h e  donngoiTig b l a d o  i s  i n c r e a s e d  and that t h e  dormwash 
at t h e  t a i l  o n  t h e  s i d e  o f  t h e  upgoi?ig b l a d e  is d e c r e a s e d .  
FroTn f i g u r e  1 4 ,  a d i f f e r e r - c t :  o f  a p p r o x i m a t e l y  'io d o m n a s h  
a n g l e  mas fouild st t i l e  h i g h e s t  v a l u e  o-f thrus; c o e f f i c i e n t  
T, = 1 ,300 .  As t h e  s p a n  o f  t h o  h o r i z o n t a l  t a i l  s u r f a c e  
i s  s x t e n d e d  past ,  t h e  c e n t e r  l i n e s  o f  t h e  p r o p e l l e r  shafts, 

w a s h ,  a n g l e  a c r o s s  t h e  comgle t e  h o r i J o n t a 1 - t a i l  span  re- 
z a i r L s  a p p r s x i m a t e l y  c o n s t a a t ,  I t  w i l l  a l s o  be a o t i c e d  
(figs. 1 4  t c  1 6 )  $ h a t ,  w i t h  f l a 2 s  retra,:eCt, 5;his d i f f e r -  
e n c e  is greatest at h i g h  a a g l a s  c f  a t t a c k  ( h i g h  CL). As 
t h e  angle o f  a t t a c k  o f  t he  m o d t ~ l  i s  i n c r e a s e d ,  3 con,sid- 
e r a b i y  g r e a t a r  p a r t  of Lhe s l i p s t r e h m  j e t  w i l l  p a s s  o v e r  
t h e  wing t h a n  a t  l o n  e n g l e s  o f  a t t a c k .  As a r e s u l t ,  l e s s  
o f  t3.e s l i p s t r e a m  r o t a t i ~ n  w i l l  be t c k e n  o u t  sild t h e  ef- 
f ' e c t s  o f  t h e  r o t a t , i o n  w i l l  c o n s e q u e n t l y  3e g r z a t e r  a t  t h e  
h i g L  angl -es  o f  a t t r a c k  than a t  t h e  iavr a n g l e s  o f  f i t t a c k .  
That t h i s  effect i s  n o t  e v i a e n t  f o r  t h e  f l a p s - d e f l e c t e d  
c o n d i t i o n  niay be d u o  t o  t h e  13%~ p o s i t i o n  of t h e  sliFstraam 
wi th  r e s p e c t  t o  t h e  t a i l ,  

A 1  ~.ii:! d i f f e r e n c e  i s  d e c r e a s e d  alt ,k?ough t h e  a v e r a g e  down- 

B c o r p a r i s o z  o f  t h e  a v e r a g e  bovrnmash a n g l e s  a c r o s s  
t h e  semispcn  of t h e  h o r i z o n t a l  Sail s u r f a c e  T i t h  f l a p s  
d e f l e c t e d  50' (fjgs. 1'7 t o  1 9 )  s h o c a  t h a t  t h e  d-omnwesh 
o n  t h e  s i d e  c;f t h e  downgoing b l a d e  i s  c o n s i d e r n b l ~  less 
f o r  t h i s  c o n d i t i o n  t h a n  the dcwnwash s n  the 3 i d e  cf t h e  
u p g o i n g  b l a d e .  A t  t h e  h i g h e s t  v a l u e  o f  t h r u s t  c o e f f i c i e n t ,  
%, t d  = 1 , 3 0 0 ,  a d i f f e r e n c e  i n  of  a p p r o x i m a t e l y  10" 
was mezsured between t h e  t w o  s emispans .  As f o r  t h e  c a s e  
w i t h  flaps r e t r a c t e d ,  t h i s  d i f f e r e n c e  d e c r e a s e s  a s  t h o  
span o f  t h e  h o r i a c r n t a l  tail s u r f a c e  i s  increases, n i t b o u g h  
t h e  a v e r a g e  dowcmash angle a z r c s s  t h e  comple t e  h c r i z o n t a l -  
t a i l  span  remains  a p p r o x i m a t e l y  c o n s t c n t .  

c a B  

The d i f f e r e n c e  between t h e  s v e r s g e  dowiinash a n g l e s  
across t he  t w o  semispans  of t h e  h o r i z o n t a l  t a i l  s u r f a c e  
was c o n s i d e r a b l y  r educed  a.s t h e  v e r t i c a l  d i s t a n c e  o f  t h e  
tail p1a:ie f rom the r e f ' e r e n c c  k i n g e  l i n e  was i n c r e a s e d .  
With f l a p s  r e t r a c t e d ,  a t  T, = lo3O9, a maximum d i f f e r e n c e  
o f  ?,'3* t7as measured a t  t h e  r e f e r e n c e  h i n g e  l i n e  i n  com- 
p a r i s o n  with a maximum d i f f e r e n c e  o f  4,2O measured 12 i n c h e s  
above t h o  r e f e r e r ? c c  hir?ge l i n e .  V i t h  f l P p s  d e f l o c t e d  50° 
a t  a mAxirnum d i f f e r e n c e  o f  9.7' was found  at 
t h o  r e f e r e n c e  h i n g e  l i n e  i n  compar ison  w i t h  n maximum d i f -  
f e r e n c e  o f  4.8' a t  n h e i g h t  o f  12 i n c h e s  above  t h e  r o f a r -  
e n c e  h i n g e  l i n e .  A l though  t h e  d i f f e r e n c e  b e t a e e n  t h e  

F, = 1.300 



12 

. 

t 

a v e r a g e  downrrash a n g l e s  a c r o s s  t h e  ';no semispans  o f  t h o  
t o r i z o n t a l  t a l ? .  W I Z S  r educed ,  t h e  a a e r a g e  downwash a n g l o  
a c r o s s  $ h a  com;lete t a i l  span mas found t o  chsuge  v e r y  
l i t t l e  f o r  t h c  t h r e e  v e r t i c a l  ' l o c a t i o n s  o f  t n e  h o r i z o n t a 3 .  
t s i l  c o i i s i d c r c d .  

Va lucs  of  t h e  a v c r a g e  do rmrash  a a g l e e  a c r o s s  t :?s 
b o r i z c n t a l - t a i l  span  p l o t t e d  a g a i n a t  m o d e l  l i f s  c o e f f i -  
c i e n t  ar9c shovn i,i f i g u r e ?  2(7 and 23 f c r  t h e  f l a p s - r e t r a c t e d  
a n d  f laps-de11 c c t  e 2  cond it, i o n s ,  r e s y e c t  i v c l y .  X t  c o n s t a n t  
l i f t  coefficient t h e  v a r i r t i u n  o f  downwash a n g l e  T i t h  thrust  
c o e f f i c i e n t  5 s  sn?aLl f o r  a o s t  c a s e :  ( w i + f i f n  1") f o r  k o t h  
tkie f l a p s - r e t r a c t e d .  End f l a p s - d e f l e c t e d  c o n d i t i o n s .  

2hG donnwesh measurements i n d i c a t e  t h a t ,  with f l a p s  
r e t r a c t e d . ,  a n  improvoment i n  t h e  l o n g i t u d i n a l  s t a b l l i t y  
c;f a tw in -eng ine  a i r p l a n e  can  be  o b t a i n e d  by t h e  'Jse o f  
c & o a i t e l y  rotating propellers, t n c  b l a d e s  o f  r h i c h  t u r n  
upward i n  t h e  m i d d l e .  Pn c r d e r  t o  u t i l i z e  t h e  f a v o r a b l e  
s l i p s t r c a r r  r o t a t i o n ,  t h e  a ~ a r  o f  t h e  h o r i z o n t a l  tail Yur- 
f a c o  shou ld  be a p p r o x i n s t e ; y  aqua1 t o  t h e  d i s t a n c e  between 
t h e  two propel1.er  s t a f t s ,  Wtth flaps d e f l e c t e d ,  howez7er, 
t h e  u s e  o f  o p p o s i t e l y  r o t a t i i l g  p r o p e l l e r s ,  t h e  blades of  
which tu - rn  q w & r u  i n  t h e  midd?o ,  a t y  r e s u l t  i n  a l o s s  o f  
l o n g i t u d i n a l  s t a b i l i t y .  

C O N C L U D I N G  REMARKS 

7 r o s  measurements  of t h e  a i r  f l o w  i n  t h e  r e g i o n  o f  
t1.c h o r i z o n t a l  t a i l  s u r f a c e  of a tw in -eng ino  t r a c t o r  mono- 
p l a n e  m5th p r o p e l l e r s  o p e r a t i n g  > t h e  f c l l c v i n g  r e s u l t s  
a r e  summarized. 

1. The p r e s e n c e  o f  t h e  wing beh ind  t h e  p r o p e l l e r  
d i s k  caused a s e v c r e  d i s t o r t , i o n  o f  t h e  v e l o c i t y  d i s t r i b u -  
t i o n  w i t h i n  t h e  p r o p e l l e r  s i i p s t r o a m .  Th9 s l i p s t r e a m  was 
d i v i d e d  i n t o  ~ T G  p ~ r t s  t h a t  m e p s  d i s p l a c s d  i t i t e - i c l l y  and  . 
t h e r o f c r o  d i d  n o t  r e u l i i t e  i n t o  a s i n g l e  c i r c u l a r  $st, 

2 .  The a v e r a g e  dynamic p r e s s u r e  a c r o 3 s  t h e  h o r i z c n t a l -  
tail span  changed r a p i d l y  v i t h  t k e  v e r t i c a l  l o c a t i o n  o f  the 
t a i l  v i t h  r e s p s c t  t o  ths s l i p a t r e f l m ,  bu t  t h e  a c e r a g e  down- 
wash a n g l e  changed o n l y  s l i g l l t l y  aith v e r t i c a l  l o c a t i o n  o f  
t h e  h o r i z o n t a l  t a i l  s u - f a c e ,  

1 
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3. For c e r t a i n  c a s e s  i n  s;.hich t h e  h o r i z o n t a l .  t a i l  
ex texded  across t h e  c c n t e r  o f  t h e  s l i p s t r e a m ,  t h e  a v e r a g e  
dynamic p r e s s u i - e  a t  t h e  t a i l  w a s  foulid t o  exceed  t h e  the- 
o r e t i c a l  mean va lue  o f  the Q n s m i c  p r e s s u r e  ir ,  t h e  s l i p s t r e a m .  

rl 
UL 

N\ 4. The c e n t e r  l i n e  o f  t h e  s l i p s t r e a m  r o s e ,  r e l a t i v e  t o  A t h e  t a i l ,  w i t h  i n c r e a s i n g  a n g l e  o f  a t t a c k .  

5 ,  X i t h  f l a p s  r e t r a c t e d ,  t h e  d o m n a s h  on t h o  s i d e  of  
t h e  h o r i z o n t a l  t h i l  s u r f a c e  a f f e c t e d -  by t h e  upward s t r o k e  
o f  t n e  p r o p e l l e r  b l a d e s  was l e s s  t h a n  t h e  dovnnash on t h e  
s i d e  a f f e c t e d  by t h e  d o o m a r d  s t r o k e  o f  t h e  p r o p e l l e r  b l a d e s .  

6. Por n o r m a l  1 .oca t ions  o f  t h e  h o r i z o n t a l  t a i l  s u r f a c e ,  
t h e  d i s t r i b u t r o r i  o f  doffnnssh a t  t h e  t a i l  was r e v e r s e d  iyhcn 
t h e  f l a p s  F:ere d e f l e c t e d ;  t h a t  is, t h e  dovrnvash  as g r e a t e r  
beh ind  t h e  upgoing  blsdes t h a n  be>i-r,d t h e  downgoing b l a d e s .  

'7. The d i f f e r e n c e  between t h o  f tverage do:-lnvawh a n g l e s  
measured across t h e  t:To semisparis o f  t n e  I i o r i z o n t a l  t a i l  
s u r f a c e  q i t h  p r o p e l l e r s  r o t a t i n g  i n  t h e  s a n e  d i r e c t i o n  was 
r e d u c e d  -Then t h e  semisp3ns  were e x t e n d e d  p a s t  t h e  c e n t e r  
lines o f  t n d  g r o p e l l e r  s h a f t s ;  h o n e v e r ,  t h e  a v e r a g e  down- 
wash angle a c r o s s  t h e  c o m p l e t e  h o r i z o n t a l  t a i l  span  r ema ined  
a p p r o x i m a t e l y  c o n s t a n t .  

8. An improvement i n  t h e  l o n g i t u d i n a l  s t a b i l i t y  of 
en a i r p l a n e  w i t h  f l a p s  r e t r a c t e d  might be o b t n i x e d  by the 
use o f  o p p o s i t e l y  r o t a t i n g  p r o p e l l e r s ,  t h e  b l a d e s  o f  which 
t u r n  upva rd  i n  t h e  midd le .  

Langley Nemorial  Aeronaut  f c a l  L a b o r a t o r y ,  
N a t i o n a l  Adv i so ry  Committee f o r  A e r o n a u t i c s ,  

Langley  F i e l d ,  Va. 
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T U L E  I 

LOOATXOH OF WUI CEIITER L I I E  U P  VALUE8 OF THE 

LIME WITH PROPELLER6 RZMOVED 
A V ~ I I I Y I C  PRI;IQURE RATIO AT ELEVATOR HIHUI 
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COMPIR1801 OF EXPERIMENTAL 4530 THEORETICAL 
DOUNWASH UOLES WITH PROPELLERS REMOVED 
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